

















5HGXFLQJ WKH HQHUJ\ DQG FRVW SHQDOWLHV LV WKH FULWLFDO SUREOHP RI &2 DEDWHPHQW  ,Q WKLV SDSHU WKURXJK DQDO\]LQJ WKH HIIHFW RI V\VWHP
LQWHJUDWLQJFKDUDFW HULVWLFRISRO\JHQHUDWLRQV\VWHPRQV\VWHPWKHUPR HFRQRPLF SHUIRUPDQFH WKH LQWHUDFWLRQ EHWZHHQ HFRQRPLF SHUIRUPDQFH
DQGWKHUPRG\QDPLF SHUIRUPDQFHLVGLVFORVHG$QGEDVHGRQWKHDQDO\VLVRIWKHFRPSRQHQWVRI&2 DYRLGDQFHFRVWWKHHVVHQFHRIORZHUFRVW
SHQDOW\IRU&2 DYRLGDQFHLQWKHSRO\JHQHUDWLRQV\VWHPLVUHYHDOHG 7KURXJKV\V WHPLQWHJUDWLRQ WKHSRO\JHQHUDWLRQV\VWHPFDQUHDOL]HWKH
HQHUJ\FRXSOHEHWZHHQWKHFKHPLFDOLVODQGDQGSRZHULVODQGDQG VLPXOWDQHRXVO\UHDOL]HWKHWUDGHRIIEHWZHHQWKHLQVWD OOHGFDSLWDOFRVWDQGWKH






1RZDGD\VIRVVLOIXHO V VXSSOLHV DERXWRI HQHUJ\ FRQVXPSWLRQ RI WKHZRUOG DQGZLOO VWLOO EH WKHPDLQ HQHUJ\ UHVRXUFH LQ
WKH IRUHVHHDEOH IXWXUH (VSHFLDOIRUVRPHFRXQWULHVFRDOZLOOVWLOOSOD\WKHLPSRUWDQWUROHLQWKHLUHQHUJ\FRQVWUXFWLRQ+RZHYHU
WKH XWLOL]DWLRQ RI IRVVLO IXHOV LV DOZD\V IROORZHG ZLWK &2 HPLVVLRQ *W\ DW SUHVHQW  ZKLFK FKDOOHQJHV  WKH VLWXDWLRQ RI
HQYLURQPHQW> @)RUWKHFRQYHQWLRQDOWHFKQRORJLHVIRU&2DEDWHPHQWWKHFDSWXUHRI&2 DOZD\V OHDGV WRKLJK HQHUJ\SHQDOW\
DQGKLJK FRVW)RU,*&&SODQW LQ&KLQD LWVFDSLWDOFRVW LVDERXW WZLFHDV WKH WUDGLWLRQDOSXOYHUL]HG FRDOSRZHUV\VWHPDQGZLWK
&2 FDSWXUH WKH HIILFLHQF\ GHFUHDVHV PRUH WKDQ  SHUFHQWDJH SRLQWV DQG FRVW RI HOHFWULFLW\ LQFUHDVHV DERXW   )XUWKHUPRUH
FUXGH RLOLPSRUWDFFRXQWVIRURIWKHWRWDOFRQVXPSWLRQLQ&KLQD )RUWKHUDSLGLQFUH PHQW LQWKHSULFHRIFUXGHRLOV\QWKHWLF
IXHOVKDYHEHHQSDLGPRUHDQGPRUHDWWHQWLRQ 
7KHUHIRUH LW LV QHFHVVDU\ WR ILQG DQ HIILFLHQW FOHDQ DQG HFRQRPLFDO ZD\ WR PHHW WKHLQFUHDVLQJ  UHTXLUHPHQWV IRU IXHOV DQG
SRZHU7KHSRO\JHQHUDWLRQWHFKQRORJ\DVWKHQHZWHFKQRORJ\IRUHIILFLHQWXVHRIHQHUJ\ZLWK&2 FDSWXUHKDVEHHQSDLGPRUH
DQG PRUH DWWHQWLRQ  ,Q VRPH DYDLODEOH OLWHUDWXUH  WKH SRO\JHQHUDWLRQ V\VWHP KDG EHHQ DQDO\ ]HG IURP WKH YLHZSRLQW RI
WKHUPRG\QDPLFV RU WKHUPR HFRQRPLFV  )RU H[DPSOH .UHXW]O DQG :LOOLDPV LQYHVWLJDWHG WKH FR SURGXFWLRQRI K\GURJHQ DQG
HOHFWULFLW\ZLWK&2FDSWXUH7KHLQYHVWLJDWLRQZDV VHSDUDWHG LQWRWZRSDUWV WKHUPRG\QDPLFDQGHFRQRPLFDQDO\V HV >@ &HOLN
/DUVRQHWF LQYHVWLJDWHGFR SURGXFWLRQRIWUDQVSRUWDWLRQIXHODQGHOHFWULFLW\IURPFRDOZLWKORZ&2HPLVVLRQ IURPWKHYLHZSRLQW
RIWKHUPRG\QDPLFVDQGHFRQRPLFV >@
+RZHYHU IHZ LQYHVWLJDWLRQV IRFXV RQ WKH LQWHUDFWLRQ EHWZHHQ WKHUPRG\QDPLF DQG HFRQRPLFSHUIRUPDQFHRI WKH V\VWHPDQG
ZKDWLVWKHPDLQIDFWRURIWKHFRVWSHQDOW\IRU&2FDSWXUH7KXVL QWKLVSDSHUWKHHIIHFWRIV\VWHPLQWHJUDWLQJFKDUDFWHULVWLFVRQ
WKHUPR HFRQRPLFSHUIRUPDQFH LV WREH GLVFORVHG 7KHPDLQ IDFWRUVDIIHFWLQJ RQ WKH FRVW SHQDOW\ IRU&2 FDSWXUH WKH HIIHFW RI
HQHUJ\ SHQDOW\ RQ FRVW SHQDOW\ DQG WKH LQWHUDFWLRQE HWZHHQ WKHUPRG\QDPLF  SHUIRUPDQFH DQG HFRQRPLF SHUIRUPDQFH DUH WR EH
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0DQ\HQHUJ\ V\VWHPV  SD\ ODUJH HQHUJ\ FRQVXPSWLRQ IRU&2FDSWXUH+RZWRUHGXFHWKHHQHUJ\SHQDOW\IRU&2FDSWXUHL VRI
LPSRUWDQFH IRU WKH IXWXUH5	'RI WHFKQRORJLHV  + -LQ HWF >@ KDYH SURSRVHG D V\VWHP IRU0(2+ DQG SRZHU IURP FRDO ZLWK
&2FDSWXUH ZKRVH IORZVKHHWLVVKRZQLQ)LJ&RDOLVFRQYHUWHGLQWRV\QJDVE\JDVLILFDWLRQ$IWHUWKHKHDW UHFRYHU\ LQ WKH
ZDVWH KHDW ERLOHU DQG GHVXOSKXUL]DWLRQ LQ WKH FOHDQ XS XQLW WKH V\QJDV LV LQWURGXFHG WR WKH OLTXLG SKDVH PHWKDQRO V\QWKHVLV
UHDFWRU 7KHXQ UHDFWHGV\QJDVLVGLYLGHGLQWRWZRVWUHDPVRQHLVUHF\FOHGEDFNLQWRWKHPHWKDQROV\QWKHVLV UHDFWRUWKHRWKHULV 
SXWLQWRDWZRVWDJHVKLIWUHDFWRULQZKLFKRI&2LVFRQYHUWHGLQWR&2$IWHUWKHFRROLQJSURFHVVD&2FDSWXUHXQLWZLWK











7KH SXOYHUL]HGFRDO SRZHU JHQHUDWLRQ WHFKQRORJ\ ZLOO VWLOO EH WKH PDLQ PHWKRG IRU SRZHU VXSSO\ EHFDXVH RI LWV ORZHU
LQYHVWPHQWFRVW ,QWKLVSDSHUWKH SXOYHUL]HGFRDOVXSHUFULWLFDOVWHDPSRZHUV\VWHPLVFKRVHQDVWKHUHIHUHQFHSRZHUJHQHUDWLRQ
V\VWHP  )LJ  VKRZV WKH IORZ VKHHWV RI PHWKDQRO VLQJOH SURGXFW V\VWHP DQG WKH SXOYHUL]HG FRDO SRZHU SODQW  ,Q WKH
FRQYHQWLRQDOPHWKDQRO SURGXFWLRQ SUR FHVV FRDO LV SXW LQWR WKH JDVLILHU DQG WKH V\QJDV LV TXHQFKHGZLWKZDWHU DQG WKDQ LV SXW
4194 H. Lin et al. / Energy Procedia 1 (2009) 4193–4199
 +X/,1HWDO (QHUJ\ 3URFHGLD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LQWRWKHVKLIWUHDFWRULQZKLFKWKH&2+LVFRQYHUWHGWRILWIRUWKH VWRLFKLRPHWULFUDWLR RI PHWKDQROV\QWKHVLVDQGWKHVXOIXUDQG&2
DUHFDSWXUHGLQWKHFOHDQ XSXQLW$IWHUWKHV\QWKHVLVSURFHVVWKHXQ UHDFWHGV\QJDVLVWRWDOO\UHF\FOHGEDFNLQWRWKHUHDFWRU 7KH
WHPSHUDWXUH DQG SUHVVXUH DUH ̚ćDQGEDU  7KH ZRUN DQG VWHDP FRQVXPSWLRQV DUH VXSSOLHG E\ D FDSWLYH SRZHU
SODQW )RUWKHPHWKDQROVLQJOHSURGXFWV\VWHPZLWKRXW&2FDSWXUH&2DQGVXOIXUDUHFRFDSWXUHGLQWKHFOHDQXSXQLWDQGIRU
WKHV\VWHPZLWK &2 FDSWXUH&2 DQG VXOIXU DUH FDSWXUHG UHVSHFWLYHO\ DQG WKH FDSWLYH SRZHU SODQW KDV QR &2FDSWXUH  7KH
SXOYHUL]HGFRDOSRZHUSODQW  LVZLWK VXSHU FULWLFDO SDUDPHWHUZKRVH WHPSHUDWXUH DQGSUHVVXUHLV̚ćDQG 03D  DQG
WKH WKHUPDOHIILFLHQF\ LV̚ ,QWKHWUDGLWLRQDOSXOYHUL]HGFRDOSRZHUSODQW&2 LVVHSDUDWHGIURPWKHIOXHJDVZLWK0($
SURFHVV
7KHUPRG\QDPLFSHUIRUPDQFHRI WKH V\VWHPV
7KH WKHUPRG\QDPLF SHUIRUPDQFH R I WKH V\VWHPV LV VKRZQ LQ WDEOH   ,QZKLFK WKH&2 UHPRYDOUDWLR  RI DOO WKHV\VWHPVDUH
$VVXPHWKHFRDOLQSXWEHLQJWKH'DWRQJFRDOZKRVHORZKHDWLQJYDOXHLV0-NJDQGWKHDYDLODEOHRSHUDWLQJKRXUV







= ×      
4SUHVHQWVWKHIXHOLQSXW EDVHGRQWKHORZHUKHDWLQJYDOXHDQGWKHVXEVFULSWVUHIDQG3*SUHVHQWWKHUHIHUHQFH V\VWHPV DQG WKH
SRO\JHQHUDWLRQV\VWHPUHVSHFWLYHO\ 
7DEOH7KHUPRG\QDPLFSHUIRUPDQFHRIWKHV\VWHPV 
6\VWHP 3& 0(2+ 3&&& 0(2+&& 3*&&
)XHOLQSXWîW\     
0HWKDQRORXWSXWî W\     
1HWZRUNRXWSXW0:      
&2SURGXFWî W\     
&2HPLVVLRQî W\     
7KHUPDO HIILFLHQF\     
3(6     
$V VKRZQ LQ WDEOH  WKH SULPDU\ HQHUJ\ VDYLQJ UDWLRV  3(6  DUH   DQG   FRPSDUHGZLWK WKH UHIHUHQFHV\VW HPV 





%DVHG RQ WKH DQDO\VHV RI V\VWHP WKH UPRG\QDPLF SHUIRUPDQFH ZH FDQ JHW WKH VFDOH SDUDPHWHUV RI WKH V\VWHPV DQG WKHQ WKH
LQVWDOOHGFDSLWDO FRVWRI WKH V\VWHPFDQEHJRW  &RQVLGHULQJ WKH GRPHVWLFPDQXIDFWXUH RI DOO XQLWV WKHFDSLWDO FRVWRI WKHXQLW LV
FDOFXODW HG DV IROORZ
I;;,D,  ⋅=    
:KHUH D ,;DQG I  UHVSHFWLYHO\ UHSUHVHQW WKH ORFDOL]LQJ IDFWRU WKH FDSLWDO FRVW WKH VFDOH SDUDPHWHU DQGWKHVFDOH IDFWRU7KH 
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= ⋅ +
  
:KHUH2	0LVWKHQRQ IXHORSHUDWLQJDQGPDLQWHQDQFHFRHIILFLHQW α UHSUHVHQWV WKH LQWHUHVW UDWH LQ WKH FRQVWUXFWLQJ SHULRG&)








LL&5)     
,QWKLVSDSHUFRQVLGHULQJWKHFXUUHQWPDUNHWFRQGLWLRQLQ&KLQD&5)LVDQGWKHSULFHRIFRDOLV*-  β   UHSUHVHQWV WKH
FRHIILFLHQW RILQVWDOOHGFDSLWDOFRVWUHFRYHU\DQGQRQH IXHORSHUDWLRQDQGPDQDJHPHQW 
H. Lin et al. / Energy Procedia 1 (2009) 4193–4199 4195
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,QWKLVSDSHUZHFKRVH &RVW$DV WKHHFRQRPLFFULWHULD WRHYDOXDWH WKHHFRQRPLFSHUIRUPDQFHRI WKHV\VWHPZLWK&2 FDSWXUH
ZKLFKLVGHILQHG DQG DQDO\]HG DV 
DY UHI )DY )UHI UHI )UHI )UHIDY UHI UHI )
&2DY&2UHI &2DY &2UHI &2DY &2 UHI $
&2UHI
&2UHI
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DQG 3(6  DUH WKH SULPDU\ LQVWDOOHG FDSLWDO FR VW VDYLQJUDWLR DQG SULPDU\ HQHUJ\ VDYLQJ UDWLR UHVSHFWLYHO\ 5$ LV WKH&2 DYRLGHG
UDWLR FRPSDUHG ZLWK WKH UHIHUHQFH V\VWHPV (P&2 LV WKH GLVFKDUJHRI&2 DQG*) LV WKH IXHO LQSXW  &RVW$ UHSUHVHQWV WKHFRVW






=   
,Q HTXDWLRQ  &RVW$ LQFOXGHV WZR SDUWV RQH LV WKH FDSLWDO FRVW VDYLQJ 3,6  ZKLFK UHSUHVHQWV WKH FKDQJH RI VFDOH DQG
FRQILJXUDWLRQRIWKHV\VWHPWKHRWKHULVWKHIXHOFRVWVDYLQJZKLFKLVGHFLGHGE\WKHV\VWHPWKHUPRG\QDPLFSHUIRUPDQFHLQWKH
SRO\JHQHUDWLRQ V\VWHP 3(6 KDV LQFOXGHG WKHHQHUJ\SHQDOW\RI&2 FDSWXUH 7KHUHIRUH DV VKRZQ LQ WKH HTXDWLRQ WKH V\VWHP
WKHUPRG\QDPLFSHUIRUPDQFHHVSHFLDOO\WKHHQHUJ\SHQDOW\RI&2FDSWXUHLVFRQQHFWHGZLWKWKHV\VWHPHFRQRPLFSHUIRUPDQFH
DQGGLUHFWO\DIIHFWVWKHFRVWSHQDOW\RI&2 FDSWXUH $QGWKLVSDUWLVWKHH[WHQGHGMRERIWKDWGHWDLOHGLQ WKH SUHYLRXVSDSHU>@ 
ZKLFKGLGQRWPHQWLRQWKH&2DYRLGDQFHSUREOHP
7KHV\VWHPHFRQRPLFSHUIRUPDQFH
&RUUHVSRQGLQJ WR WKH VFDOHV VKRZQ LQ WDEOH  WKHPDLQ HFRQRPLF SHUIRUPDQFH RI WKH V\VWHPV LV VKRZQ LQ WDEOH   ,Q&KLQD
3& SODQW KDV WKH ORZHU LQVWDOOHG FDSLWDO FRVW WKDQ WKDW RI WKH FRPELQHG F\FOH SRZHU SODQW EHFDXVH RI ORFDOL]DWLRQ  ,Q WKH
SRO\JHQHUDWLRQV\VWHPUHPRYLQJWKHVKLIWSURFHVVEHIRUHWKHV\QJDVSXWLQWRWKHV\QWKHVLVUHDFWRUVDYHVWKHLQVWDOOHGFDSLWDOFRVW
RIWKLVSDUW%XWEHFDXVH  WKHSRZHU LVODQGIROORZV WKHFKHPLFDO LVODQGFRDO LVDOOSXW LQWRWKHFKHPLFDO LVODQGILUVWZKLFKPHDQV
WKDWWKHV\VWHPQHHGVWKHODUJHUVFDOHRIHTXLSPHQWVLQWKHFKHPLFDOLVODQG$QGWKH&2FDSWXUHSURFHVVLQFOXGHVWKHWZR VWDJH
VKLIW SURFHVV DQG&2 VHSDUDWHG DQG FRPSUHVVHG XQLWV  $OO RI WKHVH OHDG WR WKH V\VWHP LQVWDOOHG FDSLWDO FRVW EHLQJ PRUH
WKDQWKHWRWDORIWKRVHRIWKH3&V\VWHPDQGWKH0(2+VLQJOH SURGXFWV\VWHP:LWKWKHV\VWHPLQWHJUDWLRQ WKH3*&&V\VWHP
FDQDFKLHYHRIWKHSULPDU\HQHUJ\VDYLQJIXHOFRVW VDYLQJEXW WKLVFDQQRWRIIVHW WKHKLJKHUFDSLWDOFRVW WKHWRWDOFRVWRI
3*&&V\VWHPLVKLJKHUWKDQWKDWRI WKHWRWDORI WKH3&V\VWHPDQGWKH0(2+VLQJOH SURGXFWV\VWHP$VVXPHGWKHFRVWRI
0(2+SURGXFWLRQDV WKDWRI WKH0(2+VLQJOH SURGXFWV\V WHP&2( LQ3*&& V\VWHP LV PRUH WKDQ WKDW RI3& V\VWHP 
$QG DVVXPHG&2( DV WKDWRI WKH3&V\VWHP WKH FRVWRI 0(2+ LQ WKH 3*&& V\VWHP LV PRUH WKDQ WKDW RI WKH0(2+
VLQJOHSURGXFWV\VWHP 
&RPSDUHGZLWKWKHVLQJOH SURGXFWV\VWHPVZLWK&2FDSWXUHLQFOXGLQJWKH3&&&V\VWHPDQGWKH0(2+&&V\VWHPWKH3* 
&&V\VWHPFDQDFKLHYH RI WKHSULPDU\LQVWDOOHGFDSLWDOFRVWVDYLQJ3,6 DQGRIWKHSULPDU\HQHUJ\VDYLQJUDWLR




6\VWHP 3& 0(2+ 3&&& 0(2+&& 3*&&
7RWDOFDSLWDOFRVW0     
&RDOFRVW0\     
7RWDOFRVW0\      
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&RPSDULVRQ RIHFRQRPLFSHUIRUPDQFH
&RPSDUHGZLWKWKHV\VWHPVZLWKRXW&2FDSWXUH &2FDSWXUHPXVWOHDGWRHQHUJ\SHQDOW\DQGWKH FKDQJH RILQVWDOOHG FDSLWDO
FRVWERWKRIZKLFK DUH UHIOHFWHGLQWKHFRVWSHQDOW\ &RVW$ &2FDSWXUHZLOOOHDGWRHQHUJ\SHQDOW\ZKLFKUHVXOWVLQWKHFKDQJH
RIIXHOLQSXWDQGWKHFRQILJXUDWLRQRUVFDOHRIVRPHXQLWVRIWKHV\VWHP )XUWKHUPRUH&2 FDSWXUHZLOO UHTXLUH VRPH DGGLWLRQDO
HTXLSPHQW  VXFK DV WKH VKLIW UHDFWRU DQG  WKH VHSDUDWLQJ XQLW  7KHUHIRUH WKH FRVW SHQDOW\ LQFOXGHV WZR SDUWV RQH LV WKH FRVW
UHVXOWLQJIURPWKHHQHUJ\SHQDOW\WKHRWKHUFRPHVIURPWKHFDSWXUHHTXLSPHQWV 
,Q WDEOH DOO WKH UHIHUHQFH V\VWHPVZLWKRXW&2FDSWXUHKDYHWKHVDPHRXWSXWVDV WKHFDSWXUHV\VWHPV  )RU WKHSXOYHUL]HG
FRDOSRZHUSODQWRIWKHFRVWSHQDOW\RI&2FDSWXUHFRPHV IURPWKHHIIHFWRIHQHUJ\SHQDOW\DQG WKH UHVW UHVXOWV IURPWKH
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FDSWXUH HTXLSPHQWV $QG IRU WKHPHWKDQRO VLQJOH SURGXFW V\VWHP WKH HIIHFW RI HQHUJ\SHQDOW\ RQ FRVW SHQDOW\ LV  )URP
WKHVHUHVXOWVZHFDQNQRZWKDWWKHKLJKHUHQHUJ\SHQDOW\LVWKHPDLQUHDVRQRIWKHKLJKHUFRVWSHQDOW\ 
)RUWKHSRO\JHQHUDWLRQV\VWHP&2FDSWXUHLVDIWHUWKHPHWKDQROV\QWKHVLVSUR FHVVZKLFKKDVWKHKLJKHU&2 FRQFHQWUDWLRQLQ
WKHXQ UHF\FOHGV\QJDVDQGZKLFKUHVXOWV LQOHVVHQHUJ\ FRQVXPSWLRQ IRU&2 FDSWXUHWKHWKHUPDOHIILFLHQF\RIWKHV\VWHPRQO\
GHFUHDVHVSHUFHQWDJHSRLQWV)URPWKHUHVXOWVVKRZQLQ7DEWKHHIIHFWRI HQHUJ\SHQDOW\RQFRVWSHQDOW\ LQ3* &&V\VWHP LV
$QGWKHWRWDOFRVWSHQDOW\LVOHVVWKDQWKDWRIDQ\RWKHUV\VWHP VZLWK&2UHPRYDO )XUWKHUPRUHWKHQHWZRUNRXWSXW RI
WKH3*&& V\VWHP LV OHVV WKDQ WKH 3* V\VWHP EHFDXVH WKH LQVWDOOHG FDSLWDO FRVW RI FRPELQHG F\FOH SRZHU JHQHUDWLRQ SURFHVV LV
PRUH VHQVLWLYH WR WKH VFDOH DQG WKH LQFUHPHQW RI WKH FDSLWDO FRVW RI WKH FKHPLFDO SURFHVVLV  OHVV WKDQ WKHGHFUHDVHRI WKDWRI WKH
SRZHULVODQG WKHLQVWDOOHGFDSLWDOFRVWRI WKHSURGXFWLRQSURFHVVLV OHVV WKDQWKDWRIWKH3*V\VWHP 7KHHFRQRPLFSHUIRUPDQFH
RIWKH3*V\VWHPZLWKRXW&2DYRLGDQFHKDVEHHQGHWDLOHGLQ WKHSUHYLRXVSDSHU >@ 
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%HFDXVH WKH SRZHU LVODQG IROORZV WKH FKHPLFDO LVODQG  WKHFKHPLFDOHQHUJ\SXWLQWRWKHSRZHU LVODQG LVGHFLGHGE\WKHHQHUJ\
XWLOL]HG VLWXDWLRQ RI FKHPLFDO LVODQG  $VVXPHG WKH IXHO LQSXW DQG WKH FRQILJXUDWLRQ RI IUHVKJDV SURGXFWLRQ DUH XQFKDQJHG WKH
WKHUPRG\QDPLF DQG HFRQRPLF SHUIRUPDQFHV RI WKH V\VWHP  DUH GHFLGHG E\ WKH FRQILJXUDWLRQ RI 0(2+ V\QWKHWLF SURFHVV 
7KHUHIRUH WKH WKHUPRG\QDPLF SHUIRUPDQFH DQG VFDOH RI WKH SRO\JHQHUDWLRQ V\VWHP DUH GHWHUPLQHG  E\ WKH UDWLR 5X  RI WKH
UHF\FOHGV\QJDV WR WKHIUHVKJDV :LWKWKHFKDQJHRI5X WKHRXWSXWRI0(2+LVFKDQJHGDQGWKHQZKLFKFKDQJHVWKHVFDOHVDQG
WKHVLWXDWLRQRIHQHUJ\XVHRIWKHIROORZLQJSURFHVV HVLQFOXGLQJWKHVKLIWXQLW&2FDSWXUHXQLWDQGWKHSRZHULVODQG 
)LJ  VKRZV WKH HIIH FWVRI 5X RQ 3(6  3,6DQG &RVW$  :LWK 5X  LQFUHDVLQJ WKH 3(6  LQFUHDVHV DQG WKHQ GHFUHDVHV JHQWO\ 
:KHQ5X LV HTXDO WR  WKH V\VWHP DFKLHYHV WKH RSWLPDO 3(6  SRLQW$  FRPSDUHG WKH UHIHUHQFH V\VWHPV ZLWKRXW &2
FDSWXUH ZKLFKUHSUHVHQWVWKHRSWLPD OFRXSOHEHWZHHQWKHFKHPLFDOLVODQGDQGWKHSRZHULVODQG 
%HFDXVHWKHLQVWDOOHGFDSLWDOFRVWRI3& V\VWHP LQ&KLQDLVDERXWKDOIRIWKDWLQWKH8QLWHG6WDWHVRUWKH,*&&V\VWHPDQGWKH
IXHOLV WRWDOO\SXW LQWR WKH FKHPLFDO LVODQGRI WKH3* &&V\VWHP WK H LQVWDOOHGFDSLWDOFRVWRI3* && V\VWHP LV KLJKHU WKDQ WKH
WRWDO FRVW RI WKH UHIHUHQFH V\VWHPV :LWK 5X  LQFUHDVLQJ WKH 0(2+ RXWSXW LQFUHDVHV TXLFNO\ ILUVW DQG WKH HOHFWULFLW\ RXWSXW
GHFUHDVHV DFFRUGLQJO\  %DVHG RQ WKH UHIHUHQFH V\VWHPVZLWKRXW FDSWXUH WKH LQVWDOOHG FDSLWDO FRVW RI 3* && V\VWHP LQFUHDVHV
JHQWO\ $QGZKHQ 5X LQFUHDVHVWRVRPHYDOXHWKHRXWSXWRI0(2+LQFUHDVHVVORZO\WKHQWKHLQFUHPHQWRILQVWDOOHGFDSLWDOFRVW
LVIDVWHUWKDQWKHWRWDORIWKRVHRIWKHUHIHUHQWV\VWHPV6R3,6RIWKH 3* &&V\VWHPKDVWKHPD[LPL]HYDOXHSRLQW%LQ)LJ
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WRR ZKLFK UHSUHVHQWV WKH ORZHVW LQVWDOOHG  FDSLWDO FRVW LQFUHPHQW RI WKH V\VWHPZLWK &2  FDSWXUH DQG WKH RSWLPDO LQWHJUDWLQJ
FRQILJXUDWLRQWKURXJKV\VWHPLQWHJUDWLRQIURPWKHYLHZSRLQWRIHTXLSPHQWFDSLWDO 
%DVHG RQ WKH HTXDWLRQ  XQGHU FHUWDLQ PDUNHW FRQGLWLRQ EHFDXVH 5$ FKDQJHVJHQWO\ZLWK 5X &RVW$ LVGHFLGHGE\ 3,6DQG
3(6  EXW WKH RSWLPDO 3,6DQG 3(6  DUH FRUUHVSRQGLQJ WR GLIIHUHQW V\VWHP LQWHJUDWLQJ FKDUDFWHULVWLFV VKRZQ LQ )LJ   :LWK5X 
LQFUHDVLQJ 3,6DQG 3(6 LQFUHDVHWRJHWKHUDQGWKHHQHUJ\FRQVXPSWLRQIRU&2VHSDUDWLRQJRHVGRZQ>@DOORIZKLFKPDNHWKH
FRVW VDYLQJ RI WKH V\VWHP LQFUHDVH DQG WKHQ &RVW$ GHFUHDVH :KHQ 5X JHWV WR 3,6 UHDFKHVPD[LPL]H YDOXH EXW HQHUJ\
FRQVXPSW LRQIRU&2 VHSDUDWLRQ JRHV GRZQ DQG 3(6  LQFUHDVHV FRQWLQXRXVO\ ERWKRIZKLFKPDNH &RVW$ JR RQ GHFUHDVLQJ  %XW
ZKHQWKH0(2+RXWSXWLQFUHDVHVDQGWKHHQHUJ\FRQVXPSWLRQIRU&2  VHSDUDWLRQGHFUHDVHVJHQWO\ WKHFDSLWDO FRVW VWLOO LQFUHDVHV
TXLFNO\ ZKLFK PHDQV SHU RXWSXW RI0(2+ZLWK PRUH HQHUJ\ FRQVXPSWLRQ DQG FDSLWDO FRVW WKH LQFUHPHQW RI IXHO FRVW VDYLQJ
FRXOGQRWRIIVHWWKHFDSLWDOFRVWLQFUHPHQWVRWKHFRVWIRU&2 FDSWXUHJRHVXS:KHQ 5X LV&RVW$KDVWKHORZHVWYDOXH
W&2DVSRLQW &7KLVSRLQWUHSUHVHQWVWKHWUDGHRIIEHWZHHQ3,6DQG3(6 WKURXJKV\VWHP LQWHJUDWLRQ 




























)LJ (IIHFWVRI 5X RQ3(63,6DQG &RVW$




6 HQVLWLYLW\DQDO\VHVRIFRVWIRU&2 FDSWXUHWRFDSLWDOFRVWDQGIXHOFRVW 






















%HFDXVH WKH SRO\JHQHUDWLRQ V\VWHP LQWHJUDWHV WKH FRQYHQWLRQDO WHFKQRORJLHV VXFK DV WKH JDVLILFDWLRQ WKH0(2+ V\QWKHVLV
SURFHVV WKH FRPELQHG F\FOH RI SRZHU JHQHUDWLRQ HWF VRZLWK FHUWDLQ V\VWHP LQWHJUDWLQJFK DUDFWHULVWLF  3,6DQG 3(6 DUHIL[HG
%DVHG RQ HTXDWLRQ  ZLWK FHUWDLQ V\VWHP LQWHJUDWLQJFKDUDFWHULVWLF &RVW$ LV GHFLGHGE\ WKH SDUDPHWHUV RI WKH LQVWDOOHG FDSLWDO
FRVW FUHI DQGWKHIXHOSULFH F) %DVHGRQWKHEDVHFRQGLWLRQQRWHGDERYHVKRZQLQWDEOH FUHIDQG F)DUHFKDQJH G 7KH
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FKDQJHVRI &RVW$ZLWK FUHIDQG F)DUHVKRZQLQ)LJZKLFKVKRZVWKDW &RVW$LVPRUHVHQVLWLYHWR FUHIWKDQ F) UHVXOWLQJ IURP WKH 
FDSLWDOFRVW FDXVHE\ FDSWXUHEHLQJWKHPDLQSDUWRIWKHFRVWSHQDOW\ 6RUHGXFLQJWKHH TXLSPHQWFRVWVFDQPDUNHGO\UHGXFH&RVW$







FRVW LQFUHPHQW DQGPDNHV WKH V\VWHPZLWK ORZHU FRVW SHQDOW\ IRU&2DYRLGDQFH ZKLFKPDNH WKH V\VWHPZLWK ORZHU
FRVW IRU&2 DYRLGDQFH 7KH UHGXFWLRQRIHQHUJ \SHQDOW\IRU&2FDSWXUHSOD\VWKHPDLQUROHLQGHFUHDVLQJWKHFRVWIRU
&2DYRLGDQFH  %DVHGRQ WKH SXOYHUL]HG FRDO SRZHU V\VWHP DQG WKH0(2+ VLQJOH SURGXFW V\VWHP WKH FRVW IRU&2
DYRLGDQFHLVW &2ZKLFKLVREYLRXVORZHUWKDQWKHFRQYHQWLRQDOV\ VWHPV
 7KURXJKDQDO\]LQJWKHVHQVLWLYLW\RIWKHFRVWIRU&2 DYRLGDQFHWRWKHFDSLWDOFRVWDQGIXHOFRVWWKHUHVXOWVVKRZWKDWLW




6XSSRUWHG E\ WKH 1DWXUDO 6FLHQFH )RXQGDWLRQ RI &KLQD 1R  DQG WKH .H\ 3URMHFW RI .QRZOHGJH ,QQRYDWLRQ
3URJUDPRI&$6N]F[ \Z
5HIHUHQFHV 
>@ ,QWHUJRYHUQPHQWDO 3DQHO RI &OLPDWH&KDQJH ,3&& FOLPDWH FKDQJH  UG DVVHVVPHQW UHSRUWRI WKH ,QWHUJRYHUQPHQWDO 
3DQHORQ &OLPDWH&KDQJH &DPEULGJH8QLYHUVLW\3UHVV&DPEULGJH8. 
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